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PROTOZOOLOGICA
Zoelucasa sablensis n. gen. et n. sp. (Cercozoa, Incertae Sedis), a New 
Scale-covered Flagellate from Marine Sandy Shores
Kenneth H. NICHOLLS
Summary. Zoelucasa sablensis n. gen et n. sp. is a small heterotrophic ﬂ agellate housed within a pyriform lorica of relatively large imbri-
cate, circular siliceous scales. It was found in near-shore benthic sand/seawater samples of both the Paciﬁ c and Atlantic Oceans (west and 
east coasts of Canada; salinity = 32–33 ppt). The median length and width of the lorica was 18 and 11 μm, respectively (n = 29). This taxon 
lacks chloroplasts and swims with a slow zig-zag motion controlled by a short (5–7 μm long), anteriorly-directed ﬂ agellum and a longer 
trailing ﬂ agellum, 15–20 μm in length. Its classiﬁ cation within the phylum Cercozoa (most likely, Class Imbricatea) is tentative, as there 
are no known morphological homologues (discoidal, overlapping siliceous plate-scales forming a test or lorica enclosing a heterotrophic 
ﬂ agellate). Further study of cultured and wild material, including a search for other possible non-ﬂ agellate (e.g. amoeboid?) life history 
stages, TEM examination of cell sections, and rDNA sequencing will most certainly provide more opportunities for a justiﬁ able classiﬁ ca-
tion, possibly including a new Order. 
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INTRODUCTION
Sand-welling marine protists include taxa repre-
senting a wide variety of forms and phylogenetic lines. 
Among the best known are dinoﬂ agellates (Faust 1995, 
Hoppenrath 2000), testate amoebae (Golemansky 1994, 
Golemansky and Todorov 2006) and various non-dino-
phyte ﬂ agellates (Larsen and Patterson 1990, Okamoto 
et al. 2009, Chantangsi and Leander 2010). An un-
usual ﬂ agellate housed in a lorica or test constructed 
of large, circular imbricate scales was discovered dur-
ing examination of near-shore beach sand/seawater 
samples collected from both the east and west coasts 
of Canada. Owing to its apparently unique morphology, 
it is described here as a new monospeciﬁ c genus and 
has been tentatively assigned to the class Imbricatea of 
the phylum Cercozoa based on its integument of silica 
scales, the apparent absence of a chloroplast, its single 
anteriorly directed short ﬂ agellum and longer trailing 
ﬂ agellum. 
MATERIAL AND METHODS
Collections of nearshore sand mixed with seawater at low tide 
were made on the North Beach of Sable Island, Nova Scotia (Atlan-
tic Ocean; N43°56′, W59°58′) in August of 2007 and from the south 
end of Vancouver near Esquimalt (Paciﬁ c Ocean; N48°25.635′, 
W123°27.628′ in July of 2008 and at another Paciﬁ c Ocean location 
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about 800 km NW of the Esquimalt location in December of 2008 
in Skidegate Inlet (Haida Gwaii) near Gillat Island (N53°14.46′, 
W131°53.88′). Sampling and laboratory methods for these locations 
were described in Nicholls (2009a, b). Salinity was measured with 
a refractometer (model FG-211, Sun Instruments Corp., Torrance 
CA) with automatic temperature compensation, when the samples 
arrived at my Ontario laboratory a few days after collection. 
Conﬁ rmation of likely siliceous nature of the scales of this taxa 
was determined from specimens that had been isolated, washed 
with distilled water and allowed to dry on a No. 1 cover slip. This 
preparation was inverted on a standard glass slide and anchored at 
the corners with Canada Balsam. The specimen was located with 
a low-power (16×) objective and then observed with a high-power 
(100×) phase-contrast objective while concentrated sulphuric acid 
(H2SO4; f.w. = 98.08) was introduced as a droplets at the edges of 
the cover slip. This procedure was repeated in a separate prepara-
tion using concentrated nitric acid (HNO3; f.w. = 63.01). Enough 
acid was added to totally envelop and permeate the previously dried 
specimen. The scaled loricae were observed at regular intervals over 
periods of several hours. 
A search for a chloroplast was conducted on several single Zoe-
lucasa cells  isolated with a micro-pipette and allowed to slowly 
compress during evaporation of the aqueous preparation under a #1 
cover slip while being examined with 100× oil immersion DIC and 
phase contrast LM systems.  In addition, cells were examined for 
chlorophyll ﬂ uorescence using a Nikon Optiphot 2 ﬂ uorescence mi-
croscope with a 60× oil immersion objective lens. Isolated cells of 
Zoelucasa were air dried on a coverglass along with single cells of 
small pennate and centric diatoms isolated from the same Sable Is-
land preserved sample; these diatoms were selected for their small, 
but easily seen chloroplasts (normal white light illumination) and 
served as controls on the 2-year period of storage of these cells in 
formalin and on the cell drying step included in the procedure out-
lined above, on the understanding that aldehyde-based ﬁ xatives and 
air drying might inﬂ uence chlorophyll ﬂ uorescence (Hallier and 
Park 1969, Shuvalov and Heber 2003). Incident illumination was 
from a mercury burner providing all wavelengths in the UV/Visible 
spectrum, and specimens were observed after a long pass ﬁ lter was 
used to block emitted wavelengths below 600 nm.
RESULTS
Zoelucasa sablensis n. gen. et n. sp.
Zoelucasa n. gen.
Diagnosis: Cells lacking chloroplasts; cells with 
one long trailing ﬂ agellum and one shorter ﬂ agellum 
directed anterio-laterally. Cells within a lorica formed 
from a layer of siliceous scales of a single morphologi-
cal form. Type species: Zoelucasa sablensis. 
Zoelucasa sablensis n. sp. (Fig. 1a–r)
Diagnosis: Cells about 10 μm in diameter, housed 
within a radially symmetric pyriform lorica, about 
1.5–2 × the cell diameter in length (smaller in dried 
specimens). Lorica comprised of 10–15 large, overlap-
ping, circular to slightly elliptical scales, 3–6 μm in 
diameter, with no surface ornamentation and a convex 
distal surface. Trailing long ﬂ agellum, about 1–1.5 × 
lorica length; length of the shorter ﬂ agellum, usually 
less than the cell diameter. Both ﬂ agella emerge from 
a parallel position in an anterior ﬂ agellar pocket.
Etymology: The genus name is in honour of Zoe 
Lucas, a Sable Island biologist, ecologist and educator 
with an impressive knowledge of Sable Island natural 
history and a life-long mission to understand and pro-
tect its ﬂ ora and fauna. The species name is a direct ref-
erence to the type locality, Sable Island, Nova Scotia, 
Canada. 
Type specimen: Fig. 1c
Type locality: Benthic near-shore sand, north shore, 
Sable Island (Atlantic Ocean, Nova Scotia; N43°56′, 
W59°58′); Salinity = 33 ppt; collected 20 August, 2007.
Material from the type locality: Retained by the 
author (aqueous dilute formalin solution) as preserved 
sample # V-2081.
The pyriform shape of the lorica (Fig. 1a, b, c, d) 
was invariable in this species. The lorica was circular 
in optical cross-section through the broad basal region 
through which the lorica widths were measured. Lorica 
lengths and widths ranged from 14–22 μm and 9–13 
μm, respectively (original aqueous samples), with me-
dian length and width of 18 and 11 μm, and with coef-
ﬁ cients of variation on length and width measurements 
of 9.8 and 8.2%, respectively (n = 29). Cells contained 
a centrally or posteriorly located nucleus (Fig. 1a, f, g). 
Cell shape was spherical when occupying the basal re-
gion of the lorica, but was elongate-pyriform in actively 
swimming specimens.
Flagella emerged in parallel from a well-deﬁ ned an-
terior pocket in the cell (Fig. 1g, j). Swimming form was 
a slow zig-zag pattern, directed alternately about 40° 
right and left of the forward direction of travel (Fig. 1k). 
Forward movement was at a rate of about 10–20 μm s–1. 
The most distinctive feature of this taxon is the lo-
rica of large, mainly circular, imbricate scales (Fig. 1b) 
that appeared in SEM images to have smooth unpat-
terned external surfaces (Fig. 1c, d). The slight concav-
ity of their shape (distal surface is convex) was visible 
in phase contrast (Fig. 1g, h) and DIC (Fig. 1e) images. 
From TEM images, however, the scales appeared to be 
comprised of distal and proximal layers enclosing an 
internal space occupied by a reticulated meshwork of 
electron dense material (Fig. 1n–r). The distal and prox-
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Fig. 1. Zoelucasa sablensis. a – diagrammatic representation of cellular components, where: af – anterior ﬂ agellum, tf – trailing ﬂ agellum, 
S – scales, N – nucleus, n – nucleolus; b – external arrangement of scales; c, d – SEM images of whole, dried cells showing covering of 
scales and ﬂ agella; e – DIC image of cell showing optical section of the scale layer (arrows); f – nucleus (N); g, h – nucleus (large arrow) and 
parallel ﬂ agellar insertion in anterior pocket (small arrows) of cells that have retracted to a posterior position within their loricae; i – trailing 
ﬂ agellum in a “swimming” cell; j – anterior pocket (larger arrow) and parallel emergence of two ﬂ agella (small arrows); k – diagrammatic 
representation of the zig-zag pattern of cell “swimming” movement; l, m – compressed cells showing the ﬂ agella (arrows) and disassociated 
scales around the cells (note the fractures of some scales in m); n–r – TEM images of scales.
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imal layers of the scales are fused around the periphery 
revealing a marginal unpatterned zone 0.15–0.42 μm 
wide. This double plate structure with its internal po-
rous support probably serves to provide rigidity given 
the thinness (and undoubtedly light weight) of the outer 
surfaces of the scale. Still, the scales were easily frac-
tured, often cracking upon drying (Fig. 1m, o). The 
scales are very likely siliceous in composition; there 
was no apparent decomposition after several hours 
soaking in either sulphuric acid or nitric acid.
While chloroplasts of the control diatom specimens 
ﬂ uoresced bright red and were clearly visible (thus in-
dicating that a 2-year period of storage in formalin did 
not preclude chlorophyll ﬂ uorescence), only a weak 
pink colour was visible in some of the Zoelucasa cells. 
Owing to its diffuse, and faint nature, this ﬂ uorescence 
was attributed to the likely presence of chlorophyllous 
particles ingested by the living cells prior to ﬁ xation in 
formalin, rather than to the possible presence of inher-
ent chloroplasts of host origin.
DISCUSSION
The year following the 2007 discovery in the Atlan-
tic Ocean samples, I also found many living specimens 
in beach sand samples Canada’s west coast (Paciﬁ c 
Ocean; see methods) at similar salinity (31–32 ppt). 
This organism would therefore appear to perhaps have 
a global marine distribution, at least in the northern 
hemisphere.
The scale-covered lorica of Z. sablensis superﬁ cial-
ly resembles that of some Epipyxis (Chrysophyceae) or 
Sphenoderia (Rhizaria, Euglyphida). The overlapping 
scales comprising the loricae of Epipyxis species are 
comprised of pectin (not silica) and the cell has chlo-
roplasts and a typical chrysophycean ﬂ agellar structure 
with right-angled insertion of the long and short ﬂ a-
gella; as well, the longer ﬂ agellum has mastigonemes, 
and is not trailing (Nicholls and Wujek 2002). Spheno-
deria (e.g., S. ﬁ ssirostris Penard, 1890), although with 
large imbricate siliceous scales superﬁ cially resembling 
those of Zoelucasa sablensis, is ﬂ attened anteriorly (bi-
-laterally symmetric) and has pseudopodia; no ﬂ agel-
late stage is known for Sphenoderia (Meisterfeld 2002). 
Although the contemporary concept of the cercozo-
an class Imbricatea (Howe et al. 2011) does include two 
orders with several genera possessing endogenously 
produced silica scales (the Thaumatomonadida and the 
Euglyphida), there are no known genera in either order 
that has the combination of large plate-like, imbricate 
scales enclosing a biﬂ agellate cell of the sort described 
here for Z. sablensis. At the present time, there appears 
to be no order of protists that can reasonably accom-
modate Zoelucasa given its scaled covered cell and its 
ﬂ agellar characteristics. Further study of cultured and 
wild representatives of this taxon, including a search 
for other possible non-ﬂ agellate (e.g., amoeboid?) life 
history stages, TEM examination of cell sections, and 
rDNA sequencing will most certainly provide more op-
portunities for a justiﬁ able classiﬁ cation, possibly in-
cluding a new order and a new family. 
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